The anticodon is the signal sequence for mitochondrial import of glutamine tRNA in Tetrahymena.
The import of nuclear-encoded RNAs into mitochondria is required for proper mitochondrial function in most organisms. However, the mechanisms used to achieve RNA import are largely unknown. In particular, the RNA elements that direct import have not been identified in any organism. In Tetrahymena, only one of three nuclear-encoded glutamine accepting tRNAs is imported into mitochondria. We transform Tetrahymena with marked glutamine tRNAs and quantitate their level of accumulation in mitochondria. Of several isostructural nucleotide substitutions tested, alteration of the anticodon sequence uniquely abolishes import. Furthermore, substitution of a single anticodon nucleotide (UUA-->UUG) confers import on a normally nonimported glutamine tRNA. Thus, the anticodon functions as a mitochondrial localization signal and is both necessary and sufficient for tRNA import. Given the prior evidence that neither the cytoplasmic nor the mitochondrial glutaminyl-tRNA synthetase distinguishes between the imported and nonimported glutamine tRNAs with respect to aminoacylation, we propose that some mitochondrial import factor distinct from a synthetase recognizes the anticodon of the imported glutamine tRNA.